Abstract Ten new accessions of groundnut (Arachis hypogea) were oven dried and processed into full fat powdered forms and analysed for the proximate and functional properties using AOAC official methods. The crude protein ranged 20.7-25.3%, crude fat 31-46%, ash 1.2-2.3%, crude fiber 1.4 -3.9%, carbohydrate 21-37% and moisture 4.9-6.8 %. Energy values of the groundnut accessions were between 525 kcal/100g and 606 kcal/100g. The ash, moisture, carbohydrate, fat and fiber values of all groundnut accessions proved to be significantly different whereas there was no significant difference amongst the protein values at p ≤ 0.05. The bulk density ranged between 0.63 g/cm 3 and 0.88 g/cm 3 whereas water absorption capacities were between 20 % and 30 %. Swelling power ranged from 2.98 g/g to 4.18g/g and solubility index was between 26.5% and 57% with no significant difference at p ≤ 0.05. Foaming capacity ranged from 4.0-16.2 % and stability 94-100%. Samples showed a significant difference in terms of bulk density at p ≤ 0.05. The relatively high protein content of all the accessions as well as their functional properties make them a valuable protein supplement in weaning foods as well as the treatment of protein energy malnutrition cases.
Introduction
There have been several improvements relating to different food items in the wake of tackling food insecurity. This has led to an increase in the research to unveil accessions of different desirable qualities. In developing countries such as Ghana, groundnuts (Arachis hypogea) have a significant role in the diet of the population first as a primary protein and a source of reliable cooking oil of high quality [1] . Considering the rapid growth of the world's population in relation to the wide range of products being developed, the aim of agronomic research must not only be the improvement in crop productivity but also nutritional, physicochemical as well as functional properties of the food crop in question. In the case of groundnut this cannot be overemphasized. According to Tshilenge-Lukanda et al., [2] assessing the genetic diversity of a crop species is a necessary step to its improvement and assists in generating diversified breeding populations.
In Ghana, though groundnut is grown in all the agro-ecologies, the crop is cultivated mainly in the northern sector and is put to many uses including food, feed as well as extraction of oil for cooking, cosmetics and for making detergents. To the agronomist, it is also used in cropping systems as a nitrogen restorer [3] . There has been an increase in groundnut production in Ghana as its commercial value continues to increase with the country targeting international markets. Groundnut production area grew by 47% between 1999 and 2010, while actual production grew by 69% over the same period. According to Ministry of Food and Agriculture (MOFA) [4] , Ghana had 187k metric tons production surplus, equal to 39% of total production [5] . This clearly demonstrates Ghana's potential of becoming a groundnut hub as well as being a net exporter of same. Also Ghanaian entrepreneurs can commercialize by-products of groundnut in the hope of mitigating postharvest losses while adding value to the crop. As agronomists develop new accessions, it is important to evaluate and ascertain their nutritional composition to encourage increased cultivation and consumption of the nut by the populace. The uniqueness of functional properties specific to a particular groundnut accession is essential to its incorporation in the ever unending food products that come to the market [6] .
To this effect, this research sought to evaluate the proximate composition of the new groundnut accessions and investigate their functional properties.
Materials and Methods

Sample Preparation
The 10 groundnut accessions were obtained from the Crop Research Institute of the Council for Scientific and
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Industrial Research (CSIR-CRI) at Fumesua-Kumasi, Ashanti Region, Ghana. These are namely: Yenyawoso, GK 7, ICGV 03331, ICGV 99053, ICGV 02171, ICGV 01279, ICGV 01273, ICGV 02184, ICGV 99017, ICGV 99033 accessions. Freshly harvested samples were oven dried in a hot air oven (FS Tupola Plant-Wageningen) at 105°C for 4 h. The dried nuts were milled using a hammer mill to flour of 0.2 mm particle size. The flour was transferred into a zip-locked high density polyethylene bag and stored in a cool and dry place for further analysis.
Proximate Composition Determination
The proximate compositions (moisture, ash, crude protein, crude fat, crude fibre and carbohydrate) of the ackee aril flours were determined using the methods described by the Association of Official Analytical Chemists [7] . Carbohydrate content was determined by difference while percentage nitrogen was determined by the macro-Kjeldahl method and converted to crude protein content by multiplying with factor 6.25.
Functional Properties Determination
The Swelling Power and Solubility Index determinations of the groundnut powder were carried out based on modifications of the Method of Leach et al. [8] while the water absorption capacity was determined using the method described by Sathe and Salunkhe [9] as modified by Adebowale et al. [10] . Foaming capacity and foaming stability were measured according to the method described by Jitngarmkusol et al. [11] . The bulk density was determined according to the method described by Maninder et al. [12] .
Statistical Analysis
The experimental design employed in this study was a Completely Randomized Block Design. Data was reported as averages of triplicate determinations and analyzed using Analysis of Variance (ANOVA). Duncan's multiple range test at 5% level of significance was applied to determine significant differences among samples. The statistical package used was IBM SPSS Statistics version 20 (IBM Corp, Armonk, NY).
Results and Discussion
Proximate Composition of New Groundnut Accessions
The crude fat, ash, crude fibre, protein, moisture and energy values of the accessions are presented in Table 1 . The carbohydrate content of the groundnut accessions ranged from 21.34 % to 36.90% with ICGV 99053 recording the lowest while ICGV 03331 gave the highest carbohydrate content. In a similar work conducted by Ayoola and Adeyeye [13] , the carbohydrate contents of fresh groundnut samples gave 17.41%, while sun dried and oven roasted (at 105°C) samples gave higher carbohydrate content of 27.19% and 36.11%, respectively due to the concentration of nutrients after dehydration. These high amounts of carbohydrates in accessions investigated confer on them, significant roles to human health especially in the supply of energy.
The levels of protein in the accessions were relatively high. The least amongst them was ICGV 03331 which gave a protein content of 20.71% and was significantly different from the other accessions with ICGV0 1279 recording the highest protein content of 25.34%. Generally the protein content recorded for 10 accessions is relatively greater than most pulses also the high protein content is desirable as some functional properties have long been associated with the activities of proteins.
As shown in Table 1 , there were significant differences (p < 0.05) among the accessions with respect to crude fat. The fat content ranged from 31.50% to 45.75% with GK7 recording the least while ICGV 02171 having the highest. This presupposes that oils from this plant can be extracted and incorporated in to food or feed formulations requiring high levels of fat. In addition, the oil yield can be processed into cosmetics and biofuel. Crude fiber content ranged from 1.4% to 3.9%. Accession GK 7 recorded the highest crude fiber content, followed by Yenyawoso whilst ICGV 02184 recorded the least of 3.85, 3.02, and 1.48 respectively. These results are close to other varieties of groundnut seeds (Atasie et al., [6] ; Ingale and Shrivastava, [14] . The values of crude fibre obtained indicate that the groundnut varieties have the ability to give bulk to foods.
The ash content of the groundnut accessions ICGV 99017 was significantly lower than ICGV 01279 (p < 0.05). The ash content for ICGV 99017 and ICGV 01279 was 1.20% and 2.32 %, respectively. Mineral composition values recorded are close to values obtained by Atasie et al., [6] as well as Gul and Safdar [15] .
The moisture content of the accessions ranged from 4.9% to 6.79 %. These values were recorded by Yenyawoso and ICGV 99017 respectively. All accessions proved to be significantly different from each other at p ≤ 0.05.
Calorific value was highest in ICGV 02171 with a value of 606 kcal/100 g and lowest in GK 7 with a value of 525 kcal/100 g. Such values of carbohydrate, protein and fat obtained have been suggested by Eshun et al., [16] that groundnuts could be used to manage protein energy malnutrition. The highest value is slightly above that which was reported by Eshun et al. [16] whilst the least equally fell slightly lower than the least amongst the four cultivars investigated by Eshun et al., [16] .
Functional Properties
Foaming capacity in full fat groundnut accessions ranged 4.0 -16.2 %. Graham and Phillips [17] linked good foaming properties to flexible protein molecules, which decreases surface tension.
The foaming Stability of the samples was very high. Stability values ranged between 94% and 100%. This suggests the viscoelastic film formed via intermolecular interactions of constituent proteins is so strong that once there is formation of foam, its collapse is very difficult despite the low foaming capacity. As indicated by Adebowale et al., [10] , defatting markedly increase the foaming capacity in the flours. Thus a fair balance of fat in the accession could prove to yield high foaming stability cum capacity. The relationships between percentage protein, fat, foaming capacity and stability are shown in Figure 1 .
The results obtained as water absorption capacity (20-29%) for the accessions can be found in Table 2 . There was no significant difference amongst the samples except for ICGV 99053 and GK 7 at p ≤ 0.05. The values obtained were low as compared to works by Fekria et al., [18] . The main factor that can be attributed to the low nature of WAC is because of the heavy presence of fat within the samples. Literature is replete with data that suggests that WAC of defatted samples tend to be by far higher than those of undefatted samples as the presence of hydrophilic structures in fat restricts water movement. Flours with high WAC have more hydrophilic constituents such as polysaccharides [18, 19] . An observation made by Ikegwu et al., [20] emphasized a positive correlation between swelling power and starch solubility in pure flours. A similar development was seen in the present study though whole undefatted groundnut accessions were investigated. It can be seen from Table 2 that, generally as the swelling power increased, solubility also increased. Dengate [21] also indicated that with respect to temperature, this is seen as a result of swelling permitting the exudation of amylose. The accessions ICGV 99017 and ICGV 03331, gave swelling power of 4.12 g/g and 3.40 g/g as well as a high corresponding solubility index of 53.50%, and 57.00 %, respectively. ICGV 99033 gave the least swelling power 2.98 g/g yet produced a higher solubility index of 40.0 % when compared to ICGV01273 of 3.28 g/g swelling power yet gave a solubility index of 26.5 %.
The bulk density values obtained were from 0.63 g/cm 3 to 0.88 g/cm 3 indicating a significant difference between the values at p ≤ 0.05. From work conducted by Adebowale et al. [10] values obtained ranged from 0.42 to 0.61 g/cm 3 in full fat flours and 0.72 to 0.88 g/cm 3 in deffated flours. High bulk density of the groundnut accessions despite high oil content indicates that they would serve as good thickeners in food products.
Conclusion
Investigations carried out on the ten undefatted samples revealed that the carbohydrate, fat, protein and fiber content of improved accessions are significantly high. The high protein content of all accessions shows they could be a valuable protein supplement for cereals based food products. The high energy values obtained makes the accessions a very good energy store that can be utilized in the development of rich energy foods making it a possible means to manage protein-energy malnutrition.
Undefatted groundnut powder showed very good foaming stability. This would be suitable for use in food formulations where foaming is highly desired. The samples showed very good swelling power and solubility index indicating how readily the flour constituents would behave (reorient) under elevated temperature conditions. Despite the above, foaming capacity, water absorption capacity and bulk density of the samples were affected by the high fat content.
It is recommended that where functional properties are desired a fair reduction of fat in groundnut samples should be investigated to ascertain the level of fat that would allow for excellent functional properties.
